The models operate in a field environment, but are linked to centralized planning models and data bases.
INTRODUCTION
This paper outlines the design of a system of APL models which support Xerox' distribution planning. It starts by describing the operating environment in which the planning occurs. This sets the stage for a discussion of the models' overall design philosophy: The power of simulation should be in the hands of the functional user rather than an operations research specialist. Some details are then given on the routing, loading, and scheduling sub-models to give insight into how they work together to aid development of a viable product delivery plan. This is followed by an explanation of how the truck scheduling simulation is conceived in terms of matrix (APL) operations. The way in which models are conceived in APL leads to a closing analysis of its advantages and disadvantages as a simulation tool, at least as experienced in this system.
SYSTEM OPERATING ENVIRONMENT
Exhibit 1 is a schematic of the system's operating environment. A national distribution staff is located in Rochester, New York. Regional operating staffs are located in five major cities: Chicago, Los Angeles, New York, Dallas, and Washington. The national staff is responsible for development of operating policies, such as what modes of transport can be used. In line with these policies, they negotiate with carriers and develop data bases needed to plan operations, such as freight rates by transport modes.
Responsibility for regional movement of the product (Xerox copiers) is in the hands of the regional staffs who must also supply data on how well they are performing to Rochester.
The regional staffs must also develop the actual plans to move the machines in time to notify the carriers. They normally do this once a week and the calculations must be completed in the span of a few hours. They obtain requests for copiers from branches and must decide:
• H o w m a n y trucks from each kind of carrier to use.
• What routes should the trucks take.
• How should the trucks be loaded.
• When should the trucks be scheduled to depart and arrive. 
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These decisions must take into account local policies and conditions known only to regional personnel; e.g., a temporary shortage of trucks available to the preferred carrier. The decisions are also interlocked; e.g., how m a n y trucks are needed depends on how they are loaded, which in turn depends on how they are routed, and so on.
It is clear that the typical off-line optimization study by an operations analyst has no place in this environment. What is needed is a system of models that:
• Can be used by non-specialist personnel.
• ttas very quick turnaround.
• ls very amenable to operator intervention to reflect local conditions.
• Can be fed data by a central staff of functiomd experts.
• Can be maintained by a central staff of operations
Exbibit 2 shows the overall design of the system. This design is aimed at answering the needs of the distribution planners just discussed through exploitation of the power of modeling The first feature of the planning system that should be noted is that the computer, the models and all data files are centrally located. The work was initially done on an IBM for copiers, and also through answering questions, determines the local operating policies under which planning is done.
The national distribution staff maintains files on product characteristics, such as shipping weight, freight rates, vehicle capacities, speeds, etc. They enter' this data via file maintenance procedures over a teletype. The data is stored permanently on disk packs at the computer center. Updating is done on an as needed basis.
The local planner seeks to develop a best equipment plan composed of best (near cost optimum) runs or routes, best (highest feasible load factor) loading, and best (minimum vehicle usage) truck schedule.
In this task he is aided by three interlocking sub-models: a router, a loader, and a scheduler. The router examines a file of available routes and queries the loader as to how many trucks would be required to meet input demand. The corresponding delivery cost is also calculated. The router selects the cheapest routes and transport modes and ignores scheduling problems. The interaction between the router and loader is entirely automatic; i.e., occurs without operator intervention. What is produced is the cheapest routing consistent with truck capacities, but which may be infeasible from a scheduling viewpoint. Inter-city distances and driving speeds were drawn from files and travel times were computed from their ratios. Shipment These steps are taken because:
• It is conceptually easier to use the APL primitive operators (after you get used to the idea).
• APL is interpretive and loops should be avoided since each line would be retranslated over and over.
When formulating APL problems for the experienced coder, it is often not necessary to go into much more detail than Exhibit 6. This enables the analyst and programmer to converse on the conceptual level rather than the coding level.
APL AS A SIMULATION MODELING TOOL
Exhibit 7 summarizes our experience with APL as a simulation modeling tool. In systems development, the main thing that stands out is the sheer coding speed of APL over Relatively small proportion of total cost for APL application. Depends on distance to computer.
Exhibit 7: Summary of System Characteristics groups. Disk files for data storage are available and were used extensively.
In terms of running time, APL is faster than we originally anticipated, but slow enough to force us to limit the a m o u n t of route searching done in the system. APL is an interpretive language; i.e., it retranslates source coding on a line-by-line basis. This imposes a translation overhead which can be very severe in highly repetitive search processes. It is not only desirable to conceive models in terms of matrix operations, it is mandatory if speed is a consideration. Carrying out processes as in F O R T R A N row-by-row or column-by-column is not practic',d.
If the model is to operate in an interactive mode (as do most APL models), the a m o u n t of calculation that is practical is limited. In our system the user, at some points, must wait up to 10 minutes elapsed time for calculations to be complete.
Phone connections are not reliable enough to push that figure much higher. CLOSING SUMMARY Summarizing our experience with APL in this system, we were generally impressed. We are converting most of our modeling efforts over to the language because of its coding speed advantages. We are also requesting our software groups to address tbe program chaining and workspace size issues on our own machine. We anticipate a 50% increase ill workspace size.
Perhaps the best thing that can be said in APl,'s favor is that it makes it technically possible to put models where tbey belong (ill the planner's bands) in an amazingly short period of time.
lie then can participate in the testing process and give m u c h more rapid feedback on an approach's relevance to tile real problem. This goes a long way in overcoming the implementation gap that often occurs with operations research based projects.
Fortunately we found that the system helped the planner reduce the distribution costs significantly within the limits imposed by the technology. The direct savings came out about 5-10 times system operating costs.
